SEHAM ABDEL-SHAFI et al. 2015). The efficiency of aflatoxin detoxification relys on different factors, including food conditions (food constituents, moisture content and pH conditions), detoxification technologies and conditions (Pankaja et al., 2018) .
Introduction
Outside of 400 kinds of mycotoxins have been recognized, only about 10-15 have a public health interest (Turner et al., 2015) . Aflatoxins (AFs) are toxic secondary metabolites of Aspergillus flavus, Aspergillus parasiticus and Aspergillus nomius (Zhu et al., 2016) . From 18 different types of aflatoxins, as B 1 , B 2 , G 1 , G 2 , P, Q, M 1 , M 2 , B 2 a, etc., were recognized, the most distributing ones in fungal cultures are aflatoxins B 1 , B 2 , G 1 and G 2 , then aflatoxins M 1 and M 2 in milk (Wu et al., 2009) . B-and G-type AFs has been classified by The International Agency for Research on Cancer (IARC) as Group 1 mutagens, while AF-M 1 has been classified in Group 2B (IARC, 2015) .
Corn, peanuts and cotton seed are the most affected crops in addition to rice, soybean and
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pistachio that can be extremely contaminated (Oplatowska-Stachowiak et al., 2016) . It is expected to cause more than 28% of the total global cases of hepatocellular carcinoma (HCC) (Wu, 2014) . AFs affect a wide diversity of animals comprising poultry, turkey, fish, rodents, swine, cattle and humans (Afsah-Hejri et al., 2013) . Strong exposure to AFs causes growth delay in young children (Lombard, 2014) . Recent studies carried out on the mice showed that the early exposure to the AFB 1 in particular at the embryonic period is amutagen (Chawanthayatham et al., 2015) .
Harmful effects caused by this dangerous toxin have directed researchers towards finding new strategies for prevention and detoxification in order to preserve the safety of products intended for human consumption (Ben Salah-Abbes et al., Therefore, several approaches have been applied to detoxify AFs in crops and during postharvest (Spadaro & Garibaldi, 2017) , as physical, chemical and biological methods (Siciliano et al., 2016) . The chief problems with chemical and physical methods are their restricted range of effect on different mycotoxins and some chemicals may lead to drop in animal health. Moreover, there is a common drawback of physical and chemical treatments, since they may also cause a significant decline in the quality of food products (Prettl et al., 2017) .
Over the past decades, The use of selected microorganism to control mycotoxins toxification and postharvest disease has greatly increased, providing an attractive alternative tool for removing toxins and safeguarding the value of food and feed (Wambacq et al., 2016) . Some strains of lactic acid bacteria, Aspergillus parasiticus, Trichoderma viride, Mucor ambiguus and other fungi were able to degrade AFB 1 with different ranges (Cao et al., 2011) . Terrestrial bacteria are a group of antagonistic microorganisms able to inhibit toxigenic fungus growth and AFs production (Siahmoshteh et al., 2016) .
The aim of this study was to achieve biological degradation of aflatoxins by bacteria and fungi using the following approach: 1-Isolation of bacterial isolates from cultivated soils and animal feces, 2-Purification of bacterial isolates and Screening the ability of its fractions (cell free supernatant, cell precipitate (ppt) and viable cells) on the degradation of aflatoxins, 3-Identification of the most potent bacterial isolates in degradation of aflatoxins by TLC and HPLC and 4-Examine the factors affecting degradation of aflatoxins by the best fraction.
Materials and Methods

Sample collection
Bacterial species were isolated from soils and animal feces from different governorates in Egypt including Sharkia, Dakahlia, Cairo, Ismalia and Tanta. These soils were cultivated with wheat, trifolium, cabbage, garlic, onion and potato, respectively. Also samples from different animal feces including feces of horse, pigeon, sheep and buffalo were collected. Fourty-three bacterial isolates were screened for their ability to degrade aflatoxins.
Culture media
Coumarin nutrient agar medium (CMNAM) consisted of 5.0g peptone, 2.0g yeast extract, 1g lab-lemco powder, 5.0g NaCl, 15.0g agar and 2.5g coumarin per liter (pH=7.0). Nutrient agar (NA) and nutrient broth (NB) were prepared according to Monica (1985) for bacterial colonies preservation. Czapek -Dox's agar medium (CD) which prepared according to Oxoid (1982) for preservation of AFs producing fungi.
Isolation and purification of bacterial isolates
Bacterial colonies isolated and counted using standard dilution plate procedure (El-Shirbiny, 1990) . About 25g of each soil sample and animal feces were placed in 500ml Erlenmeyer flask. Sterile water was added to the soil and feces until the total volume of 250ml reached 10 -1 soil dilution. This soil and feces dilution were stirred by stirrer until suspension obtained. The suspension was left to stand for sedimentation of soil and feces matter. The supernatant was serially diluted till reached 10 -7 . One ml aliquot of each dilution was transferred aseptically to petri dishes containing 15ml of CMNAM. Colonies that were able to grow on the medium were selected, purified and preserved as pure isolates on nutrient agar and tested for aflatoxins degradation.
Screening the ability of bacterial isolates on the degradation of aflatoxins (B 1 , B 2 , G 1 , G 2 ) by TLC analysis
The standard mixture of four types of aflatoxins (AFs) were kindly provided by Dr. Khaled El-Meligy from Regional Centre for Food and Feed, Ministry of Agriculture, Giza, Egypt. Bacterial isolates were cultured NB, (pH 7.0) at 37°C in shaker incubator for 48h, then 200μl of each bacterial culture was transferred to 5ml NB medium. The medium inoculated with 100μl of AFs methanol stock solution from standard AFs (500, 150, 500 and 150 ppb of AFB 1 , AFB 2 , AFG 1 and AFG 2 , respectively) (Shehata, 2002) .
The detoxification tests were conducted in the dark at 37°C on a rotor shaker for 24h. The AFs was extracted from the cultures by BIODEGRADATION OF AFLATOXINS BY BACTERIA... adding 5ml chloroform, mixed well for 5min, transport to separatory funnel, left until stand, the bottom layer was drained in clean flask and the chloroform extracts were evaporated to dryness then AFs detected by TLC.
Screening the ability of bacterial cultures on the degradation of aflatoxins by HPLC
The residues of dried AFs extract were dissolved in 0.5ml of water:methanol:acetonitril (54:29:17, v/v/v) and analysis. The total AFs content was determined according to AOAC (2006) method using monoclonal antibody columns for total AFs (VICAM Science Technology, Watertown, MA, USA). Aflatoxin identification was performed by a modification of the HPLC-Afla test procedure Agillent 1200 Series USA. HPLC equipment with two pumps, column C18, Lichrospher 100 RP-18, (5μm * 25cm) was used. The mobile phase consisted of water:methanol:acetonitrile (54:29:17, v/v/v) at flow rate of 1ml/min. The excitation and emission wavelengths for all AFs were 362 and 460nm (Flourcenses detector), respectively.
Degradation of AFs by bacterial cell free supernatant (CFS) and cell extract using TLC and HPLC analysis
Fresh NB was inoculated with 12h pre-cultured bacterial isolates (200μl). Inoculated cultures were incubated at 37°C with agitation at 200rpm for 24h in a shaker incubator. The preparation of supernatant was carried out following the method of Teniola et al. (2005) with slight modifications. After incubation, bacterial isolates were centrifuged with 4000rpm for 20min, The precipitate (ppt) was harvested and the resulting culture supernatant was filtered aseptically using sterile cellulose pyrogen free disposable filters of 0.2μm pore size. AFs methanol stock solution (100μl) was added to 2ml culture supernatant and ppt then the reaction mixtures were for 24h in the dark with agitation at 200rpm in a shaker incubator. The AFs degradation tests were performed as described before.
Effect of the most potent bacterial isolates on antifungal activity by disc diffusion assays
Aspergillus flavus NRRL 3145 was kindly provided by Dr. Khaled ElMeligy, Regional Centre for Food and Feed, Ministry of Agriculture, Giza, Egypt. Sterilized discs of filter paper (6mm diameter) were soaked in 1ml of each isolated bacterial suspension, for 2min; they were then placed onto agar plates that were previously seeded by cell suspension of the indicator fungi used (A. flavus). After incubation for 4 days, diameter of inhibition zones (mm) were measured after subtracting diameter of paper disc ( Saeed & Tariq, 2007) .
Characterization of B. cereus MG751322
Determination of 16S rRNA gene sequence DNA extraction was done by using (QIAamp DNA Mini Kit Catalogue no.51304) according to the manufacturer's instructions. PCR-mediated amplification of the 16S rDNA, purification and sequencing of the PCR products were done by QIAquick Gel Extraction Kit Protocol: Using QIA quick gel extraction kit. (Qiagen Inc. Valencia CA). The primers used for amplifying and sequencing were: 27f (5'AGAGTTTGATCMTGGCTCAG -3') and 1492r
(5'TACGGYTACCTTGTTACGACTT -3') (Source: Metabion, Germany).
Phylogenetic analyses
A comparative analysis of sequences was performed using the CLUSTAL W multiple sequence alignment program, version 1.83 of MegAlign module of Lasergene DNAStar software Pairwise, which was designed by Thompson et al. (1994) and Phylogenetic analyses were done using maximum likelihood, neighbour joining and maximum parsimony in MEGA6 (Tamura et al., 2013) .
Effects of incubation period, temperature, pH, and metal ions on AFs degradation by B. cereus MG751322
Bacterial isolates cultivated in nutrient broth (NB) for 24h, after incubation, viable cells were tested for AFs degradation. AFs methanol stock solution (100μl) was added to (200μl) pre-culture bacterial isolates in a 5ml NB. The reaction mixtures were incubated in the dark at 37°C without shaking for 1, 12, 24, 48, 72 and 90h, respectively. To determine the effect of temperature, the mixtures were incubated at 20, 30 and 37°C, respectively for 24h. Controls were set at this temperatures by using NB medium (according to Guan et al., 2008 with modification).
In the pH tests, initial pH value was obtained by adjusting pH to 4.0, 5.0 and 6.0 with l.0N HCl buffer, and to 7.0, 8.0 and 9.0 by 1.0N NaOH buffer. Controls were set by adjusting NB medium to different pH values. 2 , respectively, to the reaction mixtures, respectively resulting in a final ion concentration of 10mM. NB was used to substitute culture supernatant in the control. The AFs degradation tests were performed as described above previously.
Results
Isolation and purification of bacterial isolates
In the present study, a medium containing coumarin (CM) was used for selection of aflatoxins (AFs) degrading microbes. The microorganisms grew and very few colonies appeared on the medium. Pure isolates only were subcultured on slants of NA. From 43 culture isolates about 9 bacterial cultures were able to degrade aflatoxins as shown in Table 1 .
Screening the ability of bacterial cultures on the degradation of aflatoxins by HPLC
The isolates of bacterial cultures able to degrade AFs on TLC were taken for further analysis on HPLC. Nine bacterial isolates were capable of decreasing AFs concentrations in the liquid medium with different values. Three isolates reduced AFs in the medium by ratio up to 90% (Table 2) . HPLC analysis showed the absence of peaks in the samples treated with isolated cultures corresponding to standard AFs sample (Fig. 1) .
Screening of the ability of CFS and cell extract (ppt) of selected bacterial isolates on AFs degradation using TLC analysis
The CFS of bacterial isolates which showed high degradation ratio (code's CaG6, CaG7 and IsW1) were screened for their ability to degrade AFs using TLC. As observed from TLC analysis, Fig. 2 and 3 , respectively, showed no or few degradation of AFs by bacterial CFS.
Degradation of aflatoxins by bacterial CFS using HPLC analysis
Bacterial CFS were subsequently investigated for their ability to degrade AFs using HPLC analysis. Different levels of AFs were observed. Results from Table 3 showed a percent of about (65, 76.3, 81 .1%) of AFs degradation as compared to standard sample. As shown in Table 4 CFS of bacterial isolates exhibited less degradation activity compared to degradation by cell culture. The highest degradation rate was observed by bacterial isolate (CaG6) CFS with degradation rate 65% compared to 86% by bacterial cell culture while degradation rate by CFS of bacterial isolate (IsW1) was 76.3% compared to 85.5% by cell culture, and bacterial isolate (IsW1) showed degradation activity reached 81.1% by CFS compared to 85.7% by cell culture.
Inhibition of Aspergillus flavus NRRL 3145 (aflatoxin producing strain) by selected bacterial isolates
The three bacterial isolates CaG6, CaG7 and IsW1 inhibited the aflatoxin producing fungi to varying extents (Fig. 4) . Highest inhibition (30mm) was observed with CaG6.
Molecular characterization of the most potent aflatoxins degrading bacterial isolate (code CaG6)
The identification of the highly AFs degrading bacterial isolate CaG6 was confirmed by using 16S rRNA gene sequencing as Bacillus cereus. Then sequence was submitted to GeneBank in accession number MG751322 with 99% similarity to Bacillus cereus category (Fig. 5) .
Screening the ability of CaG6 on under optimum conditions of temperature, pH and metal ions for degradation of AFs by Bacillus cereus using HPLC analysis
From TLC results the optimum conditions for AFs degradation was observed during incubation at pH 8.0 for 48h at 37°C with addition of Mn 2+ ions. These results were taken for further analysis on HPLC. Bacillus cereus showed more degradation ability at optimum conditions compared to isolates without optimization (Table 5) .
Discussion
Aflatoxins (AFs) are furano-coumarin compounds and considered the most studied mycotoxin group, comprising aflatoxin B 1 (AFB 1 ) (Williams et al., 2004) . Foods contaminated with AFB 1 have a high carcinogenic potency for humans. It is therefore important to find a microbe or an enzyme possessing wide exclusion activity against most of mycotoxins. 
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In this study, fourty three bacterial isolates isolates could be isolated from various sources including cultivated soils and animal feces from different governorates in Egypt. The isolation was occurred on media contain coumarin as a part of its composition. Hence, microorganisms that could consume coumarin and use it as their carbon source might be able to use AFs (Guan et al., 2008 ).
This process called cometabolism which is the process through which a contaminant is accidentally decomposed by an enzyme or cofactor secreated during microbial metabolism of another complex. Typically, the microorganism involved has no benefit. Only indigenous microbes that is abile to degrade the contaminant and cosubstrate is stimulated by this strategies. This greatly targeted stimulation assures that only those microbes that is capable of degrading the contaminant are targeted, so reducing amendment costs, well and formation plugging, etc. (Hazen, 2010) . So, using coumarin provided a cheap, viable, and effective tool for selecting aflatoxin B 1 degrading microorganisms (Zhang et al., 2014) .
In this study, the fourty three different isolates were screened for their ability to degrade AFs using thin layer chromatography analysis (TLC). Out of 43 isolates, Nine isolates showed reduction activity of AFs by different ratios. The degradation by different isolates was taken for further analysis using high performance liquid chromatography (HPLC). The analysis indicated that the different isolates reduced AFs by high ratio that reached 98.1%.
In the present study, cell culture, cell free supernatant (CFS) and cell ppt of isolates were tested for their degradation ability. In contrast to results obtained by Guan et al. (2008) who found that AFB 1 degradation by Culture supernatant of S. maltophilia 35-3 was greater than degradation by viable cells and cell extracts, cell culture showed strong AFs degradaing activity compared to CFS while cell extract couldn't exhibit any degrading effect.
Further more, the most potent bacterial and fungal isolates which show high degradation activity were selected. Bacterial isolates with the highest degradation identified as Bacillus cereus MG751322 by investigation of 16S rRNA gene sequences. Bacillus cereus is an significant cause of food borne disease and food poisoning. However, B. cereus has been used as a probiotic in human medication and livestock production, with low standards of safety assessment (Zhu et al., 2016) . B.cereus MG751322 had the strongest ability to detoxify AFs, where the degradation percentages of AFs was 98% after 24h of incubation.
The results from TLC showed that the optimum conditions for AFs degradation by B. cereus MG751322 was at pH 8.0. The degradation was not observed at pH 4.0 and 5.0 and increase gradually till reached maximum degradation rate at pH 8.0. This result agreed with AFB 1 degradation by of S. maltophilia 35-3 CFS in which the maximum degradation (84.8%) was observed at pH 8.0 (Guan et al., 2008) and degradation of AFB 1 by cell extracts of F. aurantiacum under different pH values showed a similar result (Smiley & Draughon, 2000) , while the highest degradation rate ofAFB 1 (91.24%) by B. licheniformis CFR1was obtained at pH of 7 (Rao et al., 2017) .
The optimum temperature for AFs degradation by B. cereus MG751322 was observed at 37°C. Also low degradation obtained at 20°C. The same results obtained by Guan et al. (2008) who stated that the AFB 1 degradation by culture supernatant of S. maltophilia 35-3 was higher at 37°C (78.7%) (P<0.05) and also Rao et al. (2017) reported that a maximum degradation by B. licheniformis was at 37°C. By increasing temperature the degradation rate increase, till reach 37°C. AFB 1 degradation by R. erythropolis and M. fluoranthenivorans cell extracts were around the same in between 10-40°C (>90%) (Teniola et al., 2005) .
The maximum degradation rate of AFs by B. cereus MG751322 was obtained after incubation for 24h, and by addition of Mn 2+ ions, Also combined microbes as Lactobacillus casei, Bacillus subtilis and Pichia anomala showed maximum degradation of AFB 1 was between 24 and 48h (Zuo et al., 2012) while 78.7% of AFB 1 degraded by the culture supernatant of S. maltophilia 35-3 after 72h (Guan et al., 2008) and 93.57% of AFB 1 degraded by B. licheniformis after 72h (Rao et al., 2017 (Rao et al., 2017) .
Conclusion
This study showed more than 90% degradation of AFs by Bacillus cereus. Thus, Bacillus cereus might be an excellent candidate for bioremediation and detoxification of AFs from both field and food matrices. The results reported in this study could contribute towards the development of food and feeds additives for the detoxification of AFs to improve, safeguard and ensure the quality of foods and feeds.
